Objective: To evaluate the appropriateness of dopamine receptor antagonist prescriptions in hospitalized patients with dopamine-requiring diseases after implementation of an automated prescription alert system.
Results: Of 237 orders, 197 (83.1%) prescriptions for dopamine receptor antagonists were considered inappropriate. The prevalence of inappropriate dopamine receptor antagonist prescriptions per levodopa prescriptions was 16.10% (95% confidence interval 9.47, 22.73) in psychiatry, 7.51% (6.16, 8.86 ) in general medicine, 6.14% (4.49, 7.79) in the surgical specialties, and 0.85% (0.46, 1.25) in the neurologic/neurosurgical specialties. Of the inappropriate prescriptions, 146 (74.1%) were continued despite the alert. The strongest predictor of discontinuation of dopamine receptor antagonist medications was use of the medication to treat nausea or emesis (p , 0.001).
Conclusions: Despite successfully identifying instances when dopamine antagonists were prescribed to patients with dopamine-requiring diseases, the alert system modestly affected physician prescribing behavior, highlighting the need for improved education of health care providers.
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Patients with dopamine-requiring diseases may experience worsening of disease symptoms when given dopamine receptor-blocking medications, and use of these medications should generally be avoided in these patients. Dopamine receptor antagonists, which are commonly prescribed for nausea, emesis, and psychosis, exacerbate these patients' symptoms by blocking the motor effects of intrinsic and pharmacologic dopamine.
The American Academy of Neurology (AAN) has established guidelines for the treatment of common comorbidities of Parkinson disease (PD), such as psychosis. Based on an evaluation of existing literature up to 2006, the AAN recommends clozapine and quetiapine over atypical antipsychotics such as risperidone, olanzapine, and ziprasidone, which are known to have extrapyramidal effects. [1] [2] [3] [4] [5] In addition, antiemetic medications such as prochlorperazine and metoclopramide should not be administered, as they also exacerbate parkinsonian symptoms. 6, 7 Avoidance of such antidopaminergic drugs is critical to ensuring good health outcomes in this patient population.
In January 2009, Barnes-Jewish Hospital in St. Louis implemented an automated alert system to notify physicians when they concurrently prescribed a dopamine receptor agonist and dopamine receptor antagonist to an inpatient. The alert was employed to prevent patients with dopamine-requiring disease from receiving dopamine receptor antagonists inappropriately. The alert message contained a warning about potential adverse effects of the combination of the 2 classes of medications. We investigated the effectiveness of the alert system in preventing inappropriate prescriptions of dopamine receptor antagonists to patients with dopamine-requiring disease and factors associated with inappropriate prescriptions.
METHODS Standard protocol approvals, registrations, and patient consents. This study was approved by the Washington University School of Medicine Institutional Review Board. A waiver of informed consent was obtained for all study participants.
Participants. This study was approved by the Washington University Human Research Protection Organization. Alerts triggered in the electronic order entry system by any inpatient clinical service at Barnes-Jewish Hospital from November 2009 through January 2013 were examined. These alerts were triggered by the prescription of a dopamine receptor antagonist for an inpatient who was already prescribed carbidopa-levodopa or vice versa. Dopamine agonists were not included in the alert because of their common use for restless legs syndrome and because nearly all patients with PD will take levodopa within a few years of disease onset. The alerts and names of the patients were collected from electronic archive data, and a detailed review of these patients' electronic medical records was completed. Patient data extracted from records included age, sex, presenting symptoms, final diagnosis for the hospital visit, past medical and surgical history, and dopamine-requiring disease diagnosis. The following information about the dopamine receptor antagonist prescriptions was also gathered: name of the medication, indication, dose, start and stop dates, number of doses given, dates and times the medication was given or attempted to be given, prescribing physician, and clinical service on which the alert was triggered.
Data definitions. The data were organized in terms of occurrences when a physician ordered a contraindicated medication for a patient with a dopamine-requiring disease. If a physician ordered multiple prescriptions for a dopamine antagonist in succession over a short amount of time (less than a 1-hour period) and an alert was triggered each time, we considered that situation to be one occurrence of the physician ordering the medication. Therefore, multiple alerts for the same medication for the same patient that occurred within 1 hour of the first alert were counted as one patient alert in our analysis. The exception to this rule was when different physicians triggered an alert for the same patient. In these cases, each alert contributed to the final dataset.
To ensure consistent data coding, we adopted the following rules when classifying whether or not an inappropriate prescription was discontinued in response to an alert:
1. If the dopamine antagonist was discontinued within 24 hours and no dose was given, then the medication was considered discontinued in response to the alert. 2. If doses of the dopamine antagonist had been given before the alert but none was given after the alert was triggered and the order was discontinued within 24 hours, then the medication was considered discontinued in response to the alert. This rule was devised for situations in which the dopamine receptor antagonist was prescribed first and the alert was triggered with the prescription of carbidopa-levodopa. 3. If the dopamine antagonist was given or attempted to be given after the alert, then the medication was considered not discontinued in response to the alert. 4. If the dopamine antagonist was discontinued via patient discharge, then the medication was considered not discontinued in response to the alert.
Determination of "appropriateness." Two movement disorders neurologists classified each patient's dopamine antagonist prescription as appropriate or inappropriate. Both neurologists took into account each patient's dopamine-requiring condition, presenting symptoms and final diagnosis for the hospital visit, past medical history, and the indication for the dopamine receptor antagonist prescription. The neurologists evaluated this information independently and were in agreement on 96% of the patients. For the 4% in whom there was initial disagreement, the neurologists discussed the case and reached a consensus. The primary principles used by the neurologists were that the use of dopamine antagonists in patients with parkinsonism was inappropriate but that the use of a dopamine antagonist was appropriate in patients with restless legs syndrome who had acute psychosis or mania. Consistent with the AAN guidelines, the use of clozapine or quetiapine was considered to be acceptable in patients with parkinsonism; these medications were not included in the alert system.
Statistical analysis. Descriptive data were expressed as total number of occurrences and percentage. Prevalence of inappropriate dopamine receptor antagonist prescriptions for each service was calculated as the number of inappropriate dopamine receptor antagonist orders divided by the total number of levodopa orders from November 2009 through January 2013 for each service with 95% confidence intervals (CIs). Total levodopa orders for each service were factored in to adjust for service size. For alerts in which the prescription was inappropriate, we examined factors associated with physician response to the alert as a dichotomous outcome. Specifically, we used multivariable unconditional logistic regression models suitable for dependent data in Stata (version 11.1, College Station, TX) and report respective odds ratios (ORs) and 95% CIs as a measure of association while accounting for patient sex and age at the time of the alert.
RESULTS
There were 239 alerts for inpatients with dopamine-requiring disease who were prescribed a dopamine antagonist from November 2009 through January 2013. Two alerts were excluded from analysis because the patient records had unclear documentation of the dopamine-requiring disease. The remaining 237 alerts were included in the analysis. Demographics of the study population for the corresponding alerts are in table 1. PD was the most common dopamine-requiring disease (76.4%).
Restless legs syndrome was the dopamine-requiring condition for most of the remaining alerts (16.9%). Dopamine receptor antagonist medications triggering an alert and their indication are in table 2. Prochlorperazine was the most common inappropriately prescribed medication and accounted for 71 (36.0%) of the inappropriate prescriptions. Psychiatric symptoms (agitation, depression, psychosis, mania, anxiety, mood, and other psychiatric symptoms) made up 93 (47.2%) of the indications for inappropriate prescriptions. Nausea/emesis was the second most common indication for prescribing a dopamine receptor antagonist (44.7%).
Of the 237 alerts, 197 (83.1%) were for prescriptions for dopamine antagonists that were considered inappropriate. Moreover, when we excluded one patient who accounted for a majority of the appropriate prescriptions, 92.9% of all alerts were for inappropriate prescriptions. Although not statistically significant, there was a suggestion that the percentage of alerts that were inappropriate differed by both time of day (90.0% inappropriate in the day and 96.0% inappropriate in the night) and year. In particular, 95.8% of alerts in the earliest years of the alert system (2009 through 2011) were inappropriate, in contrast to 87.0% thereafter.
General medicine was responsible for the most, and neurology/neurosurgery the fewest, inappropriate dopamine receptor antagonist orders (table 3) . However, when accounting for the number of levodopa prescriptions over the study period by service, psychiatry had the highest prevalence of inappropriate dopamine receptor antagonist prescriptions.
Of the 197 inappropriate prescriptions, only 51 (25.9%) were discontinued in response to the alert. Inappropriate orders were least likely to be stopped on the psychiatry service, with 94.7% of inappropriate orders continued despite the alert. In general medicine, surgical, and neurologic/neurosurgical services, inappropriate orders were continued in 68.2%, 82.0%, and 66.7% of dopamine-requiring patients, respectively. Results from multivariable regression accounting for age, sex, and year of the alert were largely consistent with these descriptive findings (table 4 ). The strongest predictor of dopamine antagonist discontinuation, i.e., response to the alert, was the use of a dopamine antagonist for nausea/emesis (OR 13.5, 95% CI 4.92-36.80). In general, compared with neurologic services (neurology and neurosurgery), non-neurologic services were associated with continuation of the dopamine antagonist prescription despite the alert (p 5 0.098), but there was otherwise little indication of differences across the different service types. Finally, there appeared to be greater responsiveness to alerts in the most recent years compared with the earliest years of the program (OR 1.90, 95% CI 0.80-4.54). DISCUSSION The results of this study suggest that the alert system identified instances in which the physicians did not provide the appropriate management of patients with PD and other dopamine-requiring diseases. However, the alert system was not effective in preventing the inappropriate medications from being given, as the majority of orders were continued despite the alert. Neurologic services were more responsive to the alert system and less likely to prescribe dopamine antagonists inappropriately than non-neurologic services. These findings are probably due to greater familiarity with the neurologic diseases and the repercussion of inappropriate dopamine receptor blocking medications in patients with parkinsonism. The strongest predictor of discontinuation of inappropriate dopamine receptor antagonist prescription was use for nausea and emesis. Physician willingness to switch to a different medication likely reflects the availability of ondansetron, which is a well-tolerated alternative that is commonly used in the hospital. The alternative choices for managing psychotic patients with parkinsonism are more complicated and include clozapine, quetiapine, and adjustment of PD medications. Although the system failed to meet our goal of substantially improving the quality of patient care with regard to inappropriate use of dopamine antagonists, the potential decline in inappropriate prescriptions, as well as improvement in responsiveness to the alert over time, suggests that there may be a gradual increase in awareness through repeated exposure to this alert.
Although not directly addressed in our study, alert fatigue may contribute to the high rates of continuing inappropriate medications despite alerts. The alerts examined in this study were likely only a fraction of the alerts that resulted as each patient's medications were entered into the electronic system. When dozens of alerts are triggered from a medication list, physicians can become desensitized to them and override alerts, 8 although at least one study found no correlation between drug-drug alert override rates and the number of alerts. 9 Other studies have suggested that alert fatigue can result in adverse outcomes. 10, 11 One alternative to the simple alert that indicates a medication may be contraindicated in a patient taking carbidopa-levodopa would be an alert that also provides alternative medication suggestions. The impact of this type of modified alert could be measured easily through the electronic order entry system and could represent an important patient safety intervention to reduce patient morbidity, length of stay, and cost. Similarly, methods that reduce "interruptive" alerts 12 could reduce alert fatigue and improve responsiveness to critical interactions like those that we studied. One possible approach would be prioritization of drugdrug alerts such that only the most important alerts are presented to the provider, using a contextual model to select those alerts that are most clinically relevant. 13 Not all possible drug-drug interactions require the same level of provider scrutiny.
There are several potential limitations to this study. Retrospective examination of medical records provides only the medical context for the prescriptions. Physician reasoning was not always apparent in what was written in patient notes. In addition, physicians' responses to the alert were not explicit in the medical records, and our rules for determining their responses had to be based on the time the dopamine antagonist was discontinued and whether doses were given after the alert. We also could not measure patient outcomes or costs since our system does not have an integrated health care record and many patients receive follow-up care outside of the hospital system. Demonstrating that these medication choices led to greater morbidity and cost could accelerate changes in policies and procedures to prevent inappropriate dopamine receptor antagonist prescription. Nevertheless, this study demonstrates the need to rethink strategies for prevention of adverse outcomes for vulnerable hospitalized patients with parkinsonism.
AUTHOR CONTRIBUTIONS
Marie Morris collected data and prepared the first draft of this manuscript. Allison W. Willis edited the original draft and performed statistical analysis. Susan Searles Nielsen performed statistical analysis and edited this manuscript. Franklin McCann assisted with data collection and edited this manuscript. Angela Birke assisted with data collection and data management and edited the manuscript. Brad A. Racette supervised data collection, oversaw data analysis, and edited this manuscript. ª 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.
